Background: Children and adolescents with at-risk genotypes (AA/AT) of the rs9939609 polymorphism in FTO, a fat mass and obesity-associated gene, may exhibit different cardiometabolic profile responses than subjects with the TT genotype after an interdisciplinary intervention. Methods: The sample consisted of 36 school children from southern Brazil. We used DNA quantitation and real-time polymerase chain reaction (PCR) for polymorphism genotyping. We measured anthropometric parameters (body mass index (BMI), waist circumference, hip circumference, waist-hip ratio, body fat percentage and skinfold sum), biochemical parameters (glucose, lipid profile, ultra-sensitive C-reactive protein, uric acid, alanine aminotransferase, aspartate aminotransferase, insulin and adiponectin) and blood pressure. The 4-month intervention consisted of physical education classes, nutritional counseling, and postural and oral health counseling. results: We observed no significant differences among the groups (AA, AT and TT) after the intervention. However, we observed improvements in three parameters (waist circumference, hip circumference and C-reactive protein) in the AT/AA genotype group and in two parameters (hip circumference and uric acid) in the TT genotype group. conclusions: After an intervention program, carriers of at-risk genotypes for obesity (AA/AT) do not exhibit differences in biochemical parameters, blood pressure and anthropometric parameters compared with carriers of the TT genotype.
interactions (Luczynski et al. 2012) . Important genetic changes include changes to the FTO gene, which was first identified in 2007 (Jonsson et al. 2009 ). The FTO gene is one of the most recently studied genes (Zlatohlavek et al. 2013 , Song et al. 2014 , and its association with obesity has been confirmed in several studies performed using children and adolescents (Liu et al. 2010 , Foraita et al. 2015 , Yang et al. 2014 . FTO rs9939609, which is a single nucleotide polymorphism (SNP), affects body mass index (BMI) in large Caucasian populations (Jonsson et al. 2009 , González-Sánchez et al. 2009 ).
Certain individuals do not respond to diet and exercise interventions, suggesting that genetic determinants play a role (Zlatohlavek et al. 2013) . Recent studies addressing the FTO gene and lifestyle and weight loss interventions have offered contradictory results (Moleres et al. 2012 , Delahanty et al. 2012 . Certain studies found no relationship between these factors (Delahanty et al. 2012 , Schum et al. 2012 , whereas other studies report significant results (Zlatohlavek et al. 2013 , Reinehr et al. 2014 ). The cause of the different results remains unclear.
Thus, the aim of this study was to determine whether patients who harbor at-risk obesity genotypes (AA and AT) of the FTO gene polymorphism rs9939609 exhibit different biochemical variables and anthropometric values after an intervention program based predominantly on physical activity compared with a TT genotype group.
Materials anD MethoDs

POPULATION AND SAMPLE
This intervention study included 36 students of both sexes (17 in the control group and 19 in the intervention group) between 8 and 16 years of age (mean ages: 11.3±1.6 and 10.2±2.2 years for the control and intervention groups, respectively) who were overweight or obese and enrolled in rural schools in the city of Santa Cruz do Sul in Rio Grande do Sul (RS), Brazil. These students were selected by convenience. In the control and intervention groups, 11 and 10 subjects were female, respectively. The intervention was performed over 4 months, and study variables were evaluated for the subjects before and after the intervention.
When selecting the sample, we sought subjects with similar age, cultural and anthropometric characteristics in a rural school in the city of Santa Cruz do Sul, RS, Brazil; these characteristics did not significantly differ throughout the study. To determine the sample size, we used the G*Power program (Faul et al. 2007 ) with a test power of 0.8, an effect of 0.30 and a 95% significance level. Based on these parameters, we suggest that at least 12 subjects must be included in the experimental group and 12 subjects in the control group.
Because genetic information is often regarded as especially powerful in our society, much attention should be devoted to how this information will be collected and used in research, particularly research involving pediatric participants (Burke and Diekema 2006) . However, discoveries related to genetic information will benefit humanity, allowing for more appropriate therapies for each individual based on polymorphisms and interpersonal genetic variations and consequent reductions in adverse effects (Flugelman 2015) . Thus, the use of genetic markers can be extremely important for the prevention and treatment of diseases, although information regarding such markers should be used responsibly to prevent its use in ways that harm society (Gattás et al. 2002) . Thus, to conduct the current survey, participants were informed about the research objectives, and their parents or guardians signed an informed consent form. Participants were instructed that they could leave the study at any time and that all data would remain confidential and strictly encoded. 
INTERVENTION
The intervention consisted of 1 hour and 30 minute sessions 3 times per week. The 19 students in the intervention group were guided through a warmup (10 minutes); aerobic exercises (50 minutes); exercises with entertaining features (20 minutes); and exercises for postural re-education and/or nutrition counseling (15 minutes). Nutritional counseling included nutritional education activities provided via educational lectures, theater productions, folders, healthy cooking classes, movie sessions, educational games and the deployment of a fruitful garden. A multidisciplinary team (a physical education professional, a physiotherapist, a pharmacist, a nutritionist, a psychologist, a doctor and a dentist) had pre-planned these interventions. The intervention also incorporated postural and oral health counseling.
STATISTICAL ANALYSIS
The SPSS statistical program, version 23.0 (IBM, Armonk, NY, USA), was used for data analysis. Hardy-Weinberg equilibrium (HWE) was tested using chi-square tests. Variable normality was GREICE G. MORAES et al. assessed using the Shapiro-Wilk test. We used t-tests for independent samples and paired t-tests for normally distributed data. For data that was not normally distributed, non-parametric tests (MannWhitney and Wilcoxon tests) were used. The threshold used for significance was p <0.05.
results
HWE was tested for all subjects and for subjects stratified by group (control and intervention) ( Table  I ). Genotypes were in equilibrium (p>0.05), and there was no significant difference between the two groups.
The anthropometric parameters and biochemical blood pressure were measured before and after the intervention; the control group was compared with the intervention group, and the genotype categories are separated as presented in Table II . The table demonstrates that the experimental group with the obesity-risk allele (A) exhibited increased but not significant values for the following parameters compared with students without the obesity-risk allele: WC, waist hip ratio, hsCRP, DBP, glucose, total cholesterol and LDL cholesterol.
After the intervention period, the biochemical and anthropometric variables for the experimental group (TT genotype) were as expected. A positive and significant decrease in hip circumference was noted (p=0.024), but the ALT concentration increased (p=0.004). For subjects with an obesityrisk allele (A), after the intervention period, we observed a decrease in WC (p=0.038), hip circumference (p<0.001) and hsCRP (p=0.009). We also observed positive but not significant changes in total cholesterol and triglycerides, which were accompanied by an increase in HDL cholesterol levels. Adiponectin was also slightly decreased after the intervention. Comparing the genotypes, no significant differences were observed in the experimental group after the intervention; thus, the A allele does not affect student progression relative to anthropometric, blood pressure and biochemical parameters before physical activity (Table III) .
Discussion
In the present study, carriers of the obesity-risk allele (A) in the polymorphism rs9939609 (FTO) exhibited similar anthropometric, biochemical and blood pressure parameter responses to an intervention program compared with the TT genotype group.
In our study, certain biochemical parameter values were greater in the AT/AA genotype group before the intervention compared with the TT genotype group, such as glucose, total cholesterol, LDL cholesterol and hsCRP. The study intervention in Lappalainen et al. (2009) , which was conducted in Finland, exhibited similar results; fasting blood glucose levels were increased in AT/AA genotype carriers. WC and BMI were also increased in individuals with the A allele. In Rankinen et al. (2010) , adults underwent a five-month intervention that included sessions three times a week. The sessions included 30 minutes of exercise on a stationary bike during the first two weeks, which was subsequently increased to 50-minute sessions in subsequent weeks. The study was performed in a laboratory located in Los Angeles. This study demonstrated that subjects carrying an obesity-risk allele (A) exhibited increased BMI and %BF before the intervention. At the end of the study, the groups did not exhibit statistically significant differences in these parameters.
One of the intervention strategies to reduce %BF involved discussing nutritional guidelines with subjects and their parents to support healthy eating. An intervention study by Hakanen et al. (2009) was conducted using 1.062 children recruited in Finland. This strategy involved reducing the children's exposure to environmental risk factors; fat intake among the intervention participants was reduced compared with children in the control group. In addition, the total cholesterol and its fractions were reduced in the intervention participants compared with the control group after the intervention. In our study, we also observed reduced total cholesterol and LDL as well as increased HDL values; however, the results were not significant.
For AA/AT genotype subjects in the experimental group in our study, we observed statistically significant, positive changes in hip circumference, waist circumference and hsCRP. For the TT genotype, we observed statistically significant changes in hip circumference. Relevantly, a similar intervention study (Schum et al. 2012 ) conducted in Germany that examined different anthropometric and biochemical parameters demonstrated that subjects exhibited statistically significant improvements in BMI, Homeostasis Model Assessment (HOMA) and %BF after an exercise period.
Similarly, a study (Haupt et al. 2008 ) featuring 1.466 German individuals with the FTO rs8050136 polymorphism suggested that other polymorphisms should be investigated, Nine months after an intervention program, the A allele of the polymorphism was associated with BMI, upper body fat and lean body mass (p<0.001). However, despite these results, the researchers concluded that this polymorphism is not involved in the effects of the intervention.
Recent research has indicated that the risk genotype in the rs1205 SNP of the CRP gene is associated with the development of hypercholesterolemia and that the rs2069845 SNP of the IL-6 gene is associated with the risk of developing obesity (Todendi et al. 2015) . The current study suggests that these genes with relevant associations can be studied in a future intervention program.
Other researchers (Moleres et al. 2012 ) studied 168 teenagers from five Spanish cities (Granada, Madrid, Pamplona, Santander and Zaragoza) between 12 and 16 years old who underwent a 3-month intervention and who were genotyped for nine polymorphisms related to obesity, including the FTO, MC4R (melanocortin 4 receptor), TMEM18 (transmembrane protein 18), IL-6 (interleukin 6), PPARG (proliferator-activated receptor gamma peroxisome) and ADIPQ genes (adiponectin). The obese adolescents carried more obesity-risk alleles compared with the overweight group. The researchers suggest that the obesity-related variants may exert a combined effect on the obesity risk and therefore can be used as an obesity-risk marker.
An intervention study developed by Müller et al. (2008) investigated whether the FTO rs9939609 gene was associated with weight loss. The study included 519 children and German adolescents as well as overweight and obese adults and 178 normal weight subjects. Researchers confirmed that rs9939609 is associated with being overweight and obese during an early intervention period (p = 0.036); however, the FTO gene was not
associated with weight loss, fasting glucose levels, triglycerides and cholesterol. Zlatohlavek et al. (2013) investigated two obesity-risk genes (FTO and MC4R rs17817449 rs17782313) in a 4-week intervention study using 357 Czech children (13.7±4.9 years old with an initial BMI of 30.8±4.6 kg/m 2 ). Although these researchers' evaluated polymorphisms different from that evaluated in our study, they observed positive and significant changes in BMI and WC after intervention that suggested a decrease in subjects' fat percentages. They also found significant decreases in LDL cholesterol and total triglycerides and a significant increase in HDL cholesterol.
No intervention studies in the literature featured a few subjects and a comparison of blood pressure as well as biochemical and anthropometric parameters for comparison with our study. Despite the relevance of this study, we should consider applicable limitations. Because this investigation was a quasi-experimental study, there was no randomization of subjects, increasing the risk of bias. Furthermore, the design used allowed for many losses during the intervention, resulting in a limited number of subjects by the end of the study. Moreover, the intervention time may have been insufficient for modification of the evaluated parameters. In particular, it has been suggested that experimental studies should be conducted with a longer intervention period (greater than 4 months).
We conclude that children presenting AA, AT and TT FTO rs9939609 polymorphisms exhibited similar biochemical, anthropometric and blood pressure results with no statistically significant differences among the groups after a four-month interdisciplinary intervention program. However, we observed improvements after the intervention in the waist circumference, hip circumference, diastolic blood pressure, total cholesterol, HDL fraction, triglycerides, hsCRP and adiponectin in students carrying the obesity-risk allele.
Few articles have linked a biochemical response to obesity-related genetic polymorphisms after a multidisciplinary exercise program; therefore, it is important that future studies with a larger sample size confirm this conclusion because childhood obesity is a prevalent condition and threatens the future health of the population.
